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ABSTRACT

The environmental monitoring program, which began in 1984, continued
during 1988 at the St. Louis Airport Site (SLAPS) in St. Louis
County, Missouri. SLAPS and its vicinity properties, including
ditches north and south of the site, were designated for cleanup as
part of the Formerly Utilized Sites Remedial Action Program
(FUSRAP), a United States Department of Energy (DOE) program to
identify and decontaminate or otherwise control sites where residual
radioactive material remains from the early years of the nation's
atomic energy program. The site is currently owned by the City of
St. Louis and controlled by the St. Louis Airport Authority. The
DOE environmental monitoring program at SLAPS is conducted by
Bechtel National, Inc., project management contractor for FUSKRAP.

The monitoring program at SLAPS measures radon concentrations in
air; external gamma dose rates; and uranium, thorium, and radiun

concentrations in surface water, groundwater, and sediment.

To assess the potential effect of SLAPS on public health, the
potential radiation dose was estimated for a hypothetical maximaily
exposed individual. Based on the scenario described in this report,
this hypothetical individual would receive an external exposure
approximately equivalent to 7.5 percent of the DOE radiation
protection standard of 100 mrem/yr. This exposure is approximately
the same as a person receives during two round-trip flights fror New
York to Los Angeles (because of greater amounts of cosmic radiation

at higher altitudes).

The cumulative dose to the population within an 80-km (50-mi) radius
of SLAPS that results from radioactive materials present at the site
is indistinguishable from the dose the same population receives fror

naturally occurring radiocactive sources.

Results of 1988 monitoring show that SLAPS is in compliance with the

DOE radiation protection standard.
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1.0 INTRODUCTION

Environmental monitoring began at the St. Louis Airport Site (SLAPS)
in 1984. This report presents the findings of the environmental
monitoring program conducted at SLAPS during calendar year 1988.
SLAPS and its vicinity properties were designated for remedial
action under the Department of Energy (DOE) Formerly Utilized Sites
Remedial Action Program (FUSRAP). FUSRAP is a program to identify,
decontaminate, or otherwise control sites where residual radiocactive
material remains from the early years of the nation's atomic energy
program or from commercial operations causing conditions that
Congress has mandated DOE to remedy. The 1985 Energy and Water
Appropriations Act (Public Law 98-360) authorized DOE to acquire
SLAPS from the City of St. Louis for use as a permanent disposal
site; the property has not yet been transferred to DOE. However,
routine radiological monitoring of the site has been authorized by
DOE to be conducted by Bechtel National, Inc. (BN1l), project
management contractor for FUSRAP. As part of this monitoring, BN!
began sampling Coldwater Creek in March 1984. The on-site
groundwater monitoring program, which BNI began performing in
October 1983, is a continuation of the the program formerly
conducted by Oak Ridge National Laboratory (ORNL). In October 1984

BNl began measuring radon and external gamma radiation levels.

1.1 LOCATION AND DESCRIPTION

SLAPS is an 8.8-ha (21.7-acre) site located in the Cities of
Hazelwood and Berkeley, Missouri, approximately 24 km (15 mi) fror
downtown St. Louis. SLAPS lies immediately north of the Lambert.St.
Louis International Airport and is bounded by the Norfolk and
Western Railroad and Banshee Road on the south, Coldwater Creek on
the west, and McDonnell Boulevard on the north and east. It is

0.8 km (0.5 mi) south of the Hazelwood Interim Storage Site (HISS),
a DOE facility located in the City of Hazelwood, Missouri.

Figure 1-1 shows the location of SLAPS, and Figure 1-2 is a
photograph of the site.



-~ COLDWATER CREEX

GRAHAM

HAZELWOOD

BLVD TN
, \
‘LAYW

MAMLEY RD

LAMBERY - ST LOUIS
INTERNATIONAL AIRPORT

10 63 MILES TO
DOWNTOWN ST LOUIS

[} a3 L U
(= ]
o e Rm

FIGURE 1-1

LOCATION OF SLAPS




FIGURE 1-2 AERIAL VIEW OF SLAPS AND ITS VICINITY



SLAPS is located in the upper half of the Coldwater Creek
watershed. Coldwater Creek originates about 5.8 km (3.6 mi) south
of SLAPS at a small, spring-fed lake in Overland, Missouri; flows
along the western end of the site; and discharges to the Missouri
River approximately 6.4 km (4 mi) upstream of its confluence with
the Mississippi River. Passing through culverts under the
Lambert-St. Louis International Airport, flow in Coldwater Creek is
influenced by stormwater runoff from the upstream areas of
residential, commercial, industrial, and airport land (Ref. 1) (see

Figure 3-1).

Rainwater runoff from SLAPS leaves the site by evaporation., seepage
into groundwater, or surface drainage to Coldwater Creek. Surface
drainage from the site is intercepted by drainage channels along the
northern and southern boundaries of the site that direct flow into
Coldwater Creek. To halt erosion of the western end of SLAPS, a
gabion wall consisting of rock-filled wire baskets was constructed

in 1985 along the section of Coldwater Creek bordering the site.

There are no facilities on Coldwater Creek that withdraw water for
human consumption. Coldwater creek empties into the Missouri River,
which in turn empties into the Mississippi River. The closest water
treatment facility is on the Mississippi River, approximately 12.8
km (8 mi) downstream of the confluence of the Mississippi and the

Missouri (Ref. 2).

Groundwater at SLAPS occurs in two basic¢c systems. The first 1s the
groundwater being monitored at the site as the “upper" and "lower"
groundwater systems that occur in unconsolidated glacial sediments
and are thought to be hydraulically connecrted. These groundwater
systems yYield insufficient quantities of water to wells installed at
the site to be considered aquifers. The second basic system is the
bedrock aquifer located in Paleozoic limestones several hundred feet
beneath the site. The groundwater in the bedrock aquifer is
typically of poor quality (Ref. 2), containing more than 1,000 ppr
of dissolved solids, and is classified as saline (Ref. 3). 1In

addition, yields from wells in this aquifer are very low, with



reported specific yields of less than 7.6 1l/min/m (2 gal/min/ft) of
drawdown. There are no plans at present to install monitoring wells
in the bedrock aquifer at the site. Groundwater is not generally
used for any purpose in the SLAPS area, and the nearest well 1is
about 2.4 km (1.5 mi) north of the site. The water needs for the

area are met with treated Mississippi River water.

The climate at SLAPS is classified as modified continental. The
average annual daily temperature ranges from 7.4 to 18.6°C (45.4 to
65.5°F). The highest average monthly temperature is 31.6°C (B89°F)
(July) and the lowest is -6.7°C (19.9°F) (January). Normal annual
precipitation is slightly over 87.5 cm (3% in.). The average annuai
snowfall is 65.8 ¢cm (26.3 in.). Prevailing winds tend to be frocx
the south, the northwest, and west-northwest. Average wind speeds
range from 12.2 to 18.9 km/h (7.6 to 11.8 mph). Figure 1-3 shows
the distribution of wind direction and speed for the SLAPS vicinity
(Ref. 4).

There are no sizeable residential population centers within 1.6 k=T
(1 mi) of the site. The nearest population center comprises 75 to¢
100 people residing about 0.8 kr (0.5 mi) west of the site in an
industrially zoned area of Hazelwood. The next nearest (about 1,530
people) 1s about 1.6 km (1 mi) northwest of the site along Chapel
Ridge Drive. Most of Hazelwood's population is north of Interstate
270, more than 2.4 km (1.5 mi) north of the site (Ref. 2). Land use
immediately adjacent to the site is varied (Figure 1-4, Ref. 2).
More than two-thirds of the land within 0.8 km (0.5 mi) of the site
is used for transportation-related purposes, primarily Lambert-St.
Louis International Airport. Land immediately adjacent to the site

is also used for commercial and recreational purposes.

1.2 SITE HISTORY

In 1946, the Manhattan Engineer District (MED), a predecessor of the
Atomic Energy Commission (AEC) and DOE, acquired the 8.8-ha
(21.7-acre) tract now known as SLAPS to store residues resulting

from the processing of uranium ores at a facility in St. Louis.
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Uranium processing at this facility was conducted under a contract
with MED/AEC until 1957. Processing residues sent to the tract now
known as SLAPS included pitchblende raffinate residues,

radium- bearing residues, barium sulfate cake, Colorado raffinate
residues, and contaminated scrap. Most of the residues were stored
in bulk on open ground. Some contaminated materials and scrap were
buried at the western end and in other parts of the site. To limit
direct radiation exposure to the public, the site was fenced to

prevent casual entry.

In 1966 and 1967, most of the stored residues were sold and moved
approximately 0.8 km (0.5 mi) north to a site on Latty Avenue.
On-site structures were razed, buried on the site, and covered with
0.3 to 1 m (1 to 3 ft) of clean f£fill. Although these activities
reduced the surface dose rates to acceptable levels, buried deposits
of residue containing uranium-238, radium-226, and thorium. 230

remained on the site (Ref. 5).

In 1973, the tract was transferred by gquitclaim deed frorm AEC to the
City of St. Louis, at the City's request. The 1985 Energy and Water
Appropriations Act (Public Law 98-360) authorized DOE to take the
necessary steps to consolidate and dispose of waste materials fror
the Latty Avenue site and the nearby St. Louis Airport vicinity
properties locally by reacquiring., stabilizing, and using the old
8.8-ha (21.7-acre) AEC airport site in a manner acceptable to the

City of St. Louis.

From 1976 through 1978, ORNL conducted a radiological investigaticn
of SLAPS (Ref. 6). This survey indicated the presence of elevated
concentrations of uranium-238 and radium-226 in drainage ditches
north and south of McDonnell Boulevard. In 1981, the drainage

ditches were designated for remedial action under FUSRAP.

In 1982, BNl performed radiological characterizations of the ditches
on either side of McDonnell Boulevard and portions of Coldwater
Creek (Ref. 7). Neither of these surveys included measuring

thorium-230 in soil. During 1986, however, archived soil samples



from the ditches were reanalyzed to determine thorium-230 content,
and new samples from the ditches and Coldwater Creek were

radiologically and chemically analyzed.

Additional radiological characterization and limited geological and
chemical characterization of SLAPS were undertaken during 1986 and
included installation of 10 groundwater monitoring wells at the
site. Radiological characterization was also performed on three
properties immediately adjacent to SLAPS: the ball field property
north of the site, the railroad bordering the site on the south, and
a triangular-shaped area between the SLAPS fence line and McDonnell

Boulevard at the eastern end of the site.

There are no continuing commercial or industrial activities at

SLAPS; therefore, no radioactive effluents exist at the site.

1.3 HYDROGEOLOGICAL CHARACTERISTICS OF THE SITE

This section presents data on the hydrogeology at SLAPS. The
interpretations are based on groundwater levels measured in calendar
year 1988. An early set of monitoring wells at the site was
installed by Roy F. Weston, Inc., in 1981 (Ref. 8). These wells are
not used for groundwater level measurements but are used to obtain
samples for environmental monitoring. The groundwater monitoring
wells where water levels were measured to collect data for this
report (Figure 1-5) were installed at SLAPS by BNl in mid-1986

(Ref. 9). Twenty-seven additional wells were installed by BN! in
1988 at the adjacent ball field. The ball field wells nearest to
SLAPS supplement the groundwater level monitoring presented in this
report and are alsc shown in Figure 1-5. A summary of well
construction information is given in Table 1-1. An example of weil

construction details is included as Appendix E.

In previous reports the two groundwater systems at SLAPS have been
referred to as "shallow"™ and "deep"” (Refs. 8 and 9). In this reporzt
the two groundwater systems monitored are designated "upper" and

"lower"™ to be consistent with data being reported for the ball field
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Page 1 of 2

SLAPS MONITORING WELL CONSTRUCTION SUMMARY

TABLE 1-1

Total Screened Interval
Well Completion Depth Below Ground Construction
Number?@ Date [m (ft)) [m-m (ft-ft)) Material
A 1979 9.0 (29.5) No Documentation pvce®
Bb 1979 8.8 (29.0) No Documentation PVC
cb 1979 6.7 (22.0) No Documentation PVC
pd 1979 6.7 (22.0) No Documentation PVC
Eb 1979 6.1 (20.0) No Documentation PVC
Fb 1979 6.7 (22.0) No Documentation PVC
B53W10S Jan. 1988 14.9 (49.0) 12.5-14.0 (40.9 45.9) Stainless Steel
BS3W12S Jan. 1988 10.7 (35.0) 8.7-10.2 (28.5-33.5) Stainless Steel
B53W13S Feb. 1988 9.0 (29.5) 6.3-7.9 (20.8-25.8) Stainless Steel
B53W14S Feb. 1988 10.4 (34.0) 6.9-8.4 (22.7-27.7) Stainless Steel
B53W15S Jan. 1988 6.6 (21.95) 4.6-6.2 (15.2-20.2) Stainless Steel
B53W16S Feb. 1988 7.3 (24.0) 4.8-6.3 (15.8-20.8) Stainless Steel
M10- 158 July 1986 8.8 (29.0) 4.0-7.4 (14.2-24.2) Stainless Steel
M10- 258 July 1986 8.2 (27.0) 4.3-7.3 (14.0-24.0) Stainless Steel
M10- 85 July 1986 8.8 (29.0) 5.8-7.3 (18.9-24.0) Stainless Stec!
M11-219 July 1986 7.0 (23.0) 4.2-5.7 (13.8-18.8) Stainless Stee.
M11-9d July 1986 10.0 (33.0) 5.9-8.9 (19.3-29.3) Stainless Steel
M13.5-8.58 July 1986 9.8 (32.0) 5.9-8.9 (19.3-29.3) Stainless Steel
B53wW01se Nov. 1987 8.4 (27.7) 6.1-7.7 (20.0-25.1) Stainless Steel
B53W10D Jan. 1988 25.0 (82.3) 21.7-24.7 (71.1-81.1) Stainless Steel
B53W11D Jan. 1988 24.3 (79.8) 20.9-24.0 (68.5-78.5) Stainless Steel
B53w01De Nov. 1987 28.5 (93.5) 25.1-28.2 (B2.5-92.5) Stainless Steel

11
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TABLE 1-1

(continued)

Total Screened Interval
well Completion Depth Below Ground Construction
Number?8 Date fm (ft)} {m-m (frt-ft)) Material
M10-15D July 1986 26.5 (87.1) 24.4-26.0 (80.0-85.0) Stainless Steel
M10- 25D July 1986 15.8 (52.0) 12.0-13.5 (39.3-44.3) Stainless Steel
M10- 8D July 1986 22.4 (73.5) 19.6-21.1 (64.4-69.3) Stainless Steel
M13.5-8.5D July 1986 22.6 (74.0) 19.6-21.2 (64.4-69.4) Stainless Steel

8Wells designated with an
the lower system.

bwells installed by Roy F.

being investigated.

CPVC - polyvinyl chloride.

dshallow monitoring wells.

Weston, Inc.

8" are shallow; wells

Limited

ewWell used to represent background conditions.

12

designated with a D" are

information is available;

in



area (Ref. 10). Background information on site geology,
hydrogeology. and well installation methods can be found in

Refs. 8-10.

Groundwater levels at SLAPS were measured weekly with an electric

downhole probe water level indicator.

1.3.1 Upper Groundwater System

The unconfined upper groundwater system occurs in a zone
approximately 3.4 to 10.7 m (11 to 35 ft) below the ground surface
(Ref. B8). Wells in this zone are screened in unconsolidated glacial
materials at depths from 3.4 to 10.1 m (11 to 33 ft) above a clayey
aquitard (Ref. 9). Groundwater surface elevations measured irn 1988
for each well are shown as hydrographs (Figures 1-6 and 1-7).
Precipitation records for the St. Louis area are presented with the

hydrographs in Figures 1-6 and 1-7.

The hydrographs for the upper groundwater system show apparent
seasonal fluctuations in groundwater levels. The water levels are
highest during late winter-early spring, then slowly fall 0.6 tc
2.4 m (2 to 8 ft) until the lowest water levels are reached in the
fall. Except during December, the changes in water levels correla‘e
frorm well to well. 1In December the water levels for wells M10 BS,
M13.5-8.5S5, and M11-9 dropped, while the rest of the water levels
were relatively steady. This behavior may be associated with

discharge of shallow groundwater into the Cocldwater Creek channe.l.

Correlation between precipitation and water levels is not

consistent. Apparently, minimal recharge occurs at the site.

The slope and flow direction of the upper groundwater system were
determined from potentiometric surface maps. (Potentiometric
surface is defined as the level to which water will rise in tightiy
cased wells. Delineation of the potentiometric surface of an
aquifer indicates groundwater slope and flow direction.) The dates

for the information shown on these two maps (Figures 1-8 and 1 9)

13
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were chosen because they represent seasonal high and low water level
periods and are the same dates used to prepare potentiometric
surface contour maps for the adjacent ball field area
characterization report (Ref. 10). The groundwater flow direction
is generally east to west. The contours suggest a flow direction
approximately parallel to the site topography (Ref. 8, p. 4-3) with
discharge into Coldwater Creek. The hydraulic gradient for both
dates is on the order of 0.009.

1.3.2 Lower Groundwater System

The lower groundwater system is located in the glacial sediments
below the clayey aquitard and above bedrock (Ref. 9), approximately
10.7 to 26.5 m (35 to 87 ft) below the ground surface. The lower
system wells are screened at depths ranging from 11 to 26.5 m (36 %o
87 ft). Hydrographs of wells monitoring the lower groundwater
system are shown in Figure 1-10. Precipitation records for the St.
Louis area collected at the St. Louis Airport are also shown on the

hydrographs.

The hydrographs for the lower system (Figure 1-10) show l1ilttle
seasonal variation of water levels. Water levels in wells M10 18D
and M10 25D show a slow but steady drop amounting to almost 0.5 =
(3 ft) over the course of the year. Well M13.5-8.5D water levels
fluctuated 2.4 m (8 ft) during September-October and the year-end
level declined 5 ft in 1988, as did those of M10- 15D and M10 25C.
Water levels in M10-8D rose during 1988, except for the last
measurement. The reason for the inconsistent behavior of the lower
system wells is not known, but the overall effect of this behavior
on hydraulic gradient and flow direction is minimal. Correlation of
the water levels with the precipitation record is inconsistent.

Hydraulic gradient and flow direction for the lower groundwater
system were determined using two potentiometric surface contour maps
(Figures 1-11 and 1-12) from the water level measurements for the
same dates as those for Figures 1-8 and 1-9. The potentiometric

surface maps show a consistent flow direction from east to west,

18
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with a hydraulic gradient ranging from 0.00%52 to 0.0066. The
behavior of wells M10-8D and M13.5-8.5D discussed above has little
effect on the gradient shown. On 3/18/88 the flow direction is
toward M10-8D, and on 11/11/88B it is toward M13.5-8.5D.

1.3.3 Conclusions

Both the upper and lower groundwater systems have a hydraulic
gradient with a direction of flow from east to west. The upper
system has a hydraulic gradient of approximately 0.009 and the lower

system has a hydraulic gradient of approximately 0.006.
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2.0 SUMMARY OF MONITORING RESULTS

The environmental monitoring program at SLA?S, which began in 1984,
continued in 1988; water and sediments were sampled, and radon and
external gamma radiation levels were measured to verify compliance
with the DOE radiation protection standard of 100 mrem/yr

(Ref. 11). The potential radiation dose that might be received by a
hypothetical maximally exposed individual was calculated to
determine whether the site was in compliance with the DOE radiation

protection standard.

Annual average radon concentrations (including background) ranged

from 7 x 10_10 to 2.1 x 10-9 uCi/ml (0.7 to 2.1 pCi/l) (see
Subsection 3.1). The average background level in 1988 ranged f{ro-
4 X 10-10 to 5 % 10_10 wCi/ml (0.4 to 0.5 pCisl). Radon levels

have risen steadily at only one location since the monitoring

program began (see Subsection 3.6.1) (Refs. 12-15).

Average external garma radiation levels measured at the SLAPS
boundary ranged from 38 to 2,128 mR/yr above background, which was
73 mR/yr in 1988. The highest value was measured in an area of

known contamnination (see Subsection 3.2).

In surface waters, the highest average concentrations of total

uranium, radium-226, and thorium- 230 were 4 Xx 10_9. 5 x 10_10,
and 3 x 10'10 wCi/ml (4. 0.%, and 0.3 pCi/l), respectively (see
Subsection 3.3.1). These values are approximately the sarme as the

background concentrations measured upstream of SLAPS. Measured
concentrations of the radionuclides in surface water at SLAPS have
remained relatively consistent since 1984 (see Subsection 3.6.3)

(Refs. 12-15).

The highest annual average uranium concentration in groundwater was
5.59 x 10_6 wCis/ml (5,590 pCisl). The highest average radium-226
concentration was 9 x 10_10 pCi/ml (0.9 pCi/l), and the highest
average thorium-230 concentration was 5.2 X 10_8 pCi/ml

(52 pCi/1l) (see Subsection 3.3.2). The elevated uranium value
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occurred in well B, and the elevated thorium-230 value was in

well M11-21. Both wells are in an area of known contamination.
Concentrations of radionuclides in surface water and most of the
groundwater at SLAPS may be compared with the levels of
radioactivity in the commonly consumed liquids listed in

Appendix D. When compared with the lowest annual average uraniunm
concentration in groundwater [<3 X 10~9 pCi/ml (<3 pCi/1l)).
concentrations of uranium in several of the wells are high because
the wells are located in or adjacent to buried radioactive
materials. Because SLAPS is fenced, the public does not have access
to these wells. Furthermore, there is no known consumption of
groundwater in the vicinity of the site. Groundwater that might
discharge to Coldwater Creek is monitored as part of the surface
water monitoring program. Current indications are that this
transport pathway has not resulted in degradation of surface water

quality.

In sediments collected downstream from the site, the annual average
concentration was 2.6 pCi/g for total uranium, 1.0 pCisg for

radium 226, and 5.4 pCi/g for thorium-230 (see Subsection 3.4).
These concentrations are approximately equal to or lower than
background concentrations measured upstream of the site. As a pcinct
of reference, the observed concentrations may be compared with the
levels of radiocactivity in phosphate fertilizers listed in

Appendix D.

The potential radiological dose that could be received by a
hypothetical maximally exposed individual was calculated. This
hypothetical individual is one who is assumed to have been adjacen:
to the site and who walked the northern fence line of the site twice
a day, five days a week. The maximum exposure for this individua.
would be 7.5 mR/yr above background. Because 1 mR is approxirately
equivalent to 1 mrem, this exposure is approximately equivalent to
7.5 percent of the DOE radiation protection standard.

The cumulative dose to the population within an 80-km (50-mi1) radius

of SLAPS that would result from radioactive materials present at the
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site is indistinguishable from the dose the same population receives

from naturally occurring radioactive sources.

Analytical results for chemicals are summarized in Subsection 4.1.

Currently, no environmental permits are required for the site.

Results of 1988 monitoring show that SLAPS is in compliance with the

DOE radiation protection standard.
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3.0 DATA COLLECTION, ANALYSIS, AND EVALUATION

This section provides the results of 1988 environmental monitoring
at SLAPS (Ref. 16). It also describes the sampling, monitoring, and
analytical procedures used. Calculations were made to determine the
estimated maximum possible radiation dose based on environmental
conditions, measurements recorded, and evaluation of potential

exposure pathways.

Data are presented in summary tables that include minimur and

maximum values recorded, number of data points collected, and

average values. The average value for a given sampling location 1is
the average of individual results for that location. Individual
sources of error (e.g., analytical error or sampling error) were nc*
estimated. The "less than" notation (<) is used to denote sarmp.e

analysis results that are below the limit of sensitivity of the
analytical method based on statistical analyses of parameters. n
computing the averages, where no more than one value is less than
the limit of sensitivity of the analytical method, values are
considered to be equal to the limit of sensitivity and the average
value is reported without the "less than" notation. 1f more than
one value is less than the limit of sensitivity, the "less than"

notation 1s used.

During 1988, the routine environmental monitoring progranm for SLAFS
and the off-site ditches included radon monitoring, external gar~a
radiation measurements, surface water and sediment sampling of
Coldwater Creek, and groundwater sampling of monitoring wells within

the site boundary.

Trend tables are provided for radon, external gamma radiation
levels, surface water, and groundwater (see Subsection 3.6). These
tables list annual averages for each monitoring location for 1984
through 1988 to allow for comparisons of data and identification of

trends in monitoring results.
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3.1 RADON SAMPLING

Nine radon detectors are maintained along the site boundary. spaced
so as to ensure adequate detection capability under most atmospheric
conditions. The locations of the radon monitors are shown in

Figure 3-1. Three background detectors are maintained off-site.

Radon concentrations are determined using monitors purchased fror
the Terradex Corporation. These devices (Terradex Type F
Track-Etch) consist of an alpha-sensitive film contained in a small
plastic cup covered by a membrane through which radon can diffuse.
Radon will diffuse through the membrane (in or out of the cup) when
a concentration gradient exists; therefore, it will equilibrate with
radon in the outside air. Alpha particles from the radiocactive
decay of radon and its daughters in the cup create tiny tracks wher
they collide with the film. When returned to Terradex for
processing, the films are placed in a caustic etching solution to
enlarge the tracks. Under strong magnification, the tracks can be
counted. The nurber of tracks per unit area (i.e., tracks/m:z) 1s
related through calibration to the concentration of radon in air.
Fresh Track Etch monitors are obtained from Terradex each quarter.
Site personnel place these units in each sampling location and

return the exposed monitors to Terradex for analysis.

Table 3-1 reports the radon concentrations measured at the nine
monitoring locations. The annual average concentrations ranged fror-
7 x 10 % to 2.1 x 107° wCi/ml (0.7 to 2.1 pCi/l). Background
concentrations ranged from 4 x 10719 to 5 x 10710 uCi/ml

(0.4 to 0.5 pCi/l) and have not been subtracted. Based on measured
radon concentrations at SLAPS, the on-site radon source has a

minimal effect on radon concentrations in the area.

For comparisons of radon concentrations measured from 1984 through
1988, see Subsection 3.6.1.
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TABLE 3-1
CONCENTRATIONS OF RADON-222 AT SLAPS, 1988

Sampling Number of Concentration (10-9 uCi/mi)b.c¢

Locationd Samples Minimum Maximum Average
1 4 0.3 2.9 1.1
2 4 0.5 1.7 1.2
3 4 0.7 1.5 1.0
4 4 0.6 1.2 1.0
S 4 0.7 4.6 2.1
6 4 0.5 1.0 0.8
7d 4 0.4 1.1 0.7
8 4 0.5 2.9 1.8
9 4 0.4 2.0 1.0

Background

16 4 0.3 0.6 0.4
17t 2 0.4 0.4 0.4
189 2 0.3 0.7 0.5

d4sampling locations are shown in Figure 3-1.

bBackground has not been subtracted. Note that some
locations have radon concentrations below background.

C1 x 10-9 uCi/ml is equivalent to 1 pCi/l.
dLocation 7 is a quality control for Location 3.
€Located in Florissant, MO, 26 km (16 mi) northeast of SLAPS.

flocated at McDonnell Blvd., 0.8 km (0.5 mi) east of SLAPS.
Established in April 1988.

dLocated in St. Charles County, MO, approximately 32 km
(20 mi) southwest of SLAPS. Established in April 1988.
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3.2 EXTERNAL GAMMA RADIATION LEVELS

External gamma radiation levels were measured at the nine monitoring
locations that correspond to the radon (Terradex) detector locations

shown in Figure 3-1.

External gamma radiation levels are measured using lithium fluoride
(LiF) thermoluminescent dosimeters (TLDs). Beginning in 1988, the
system of measurement utilizes tissue-equivalent dosimeters to
provide values that are more realistic in terms of radiation dose to
the tissues of the body at a depth of 1 cm. This dosimetry syster
offers advantages in accuracy and sensitivity that were not

available with the system used previously.

Each dosimetry station contains a minimum of four dosimeters, which
are exchanged after one year of accumulated exposure. For exanmple,
a dosimeter placed in the station in October 1987 would be rercved
in October 1988. Each dosimeter contains five individual LiF chips
(each group of which was preselected on the basis of having a
reproducibility of +3 percent across a series of laboratory
exposures), the responses of which are averaged. Analysis 1is
performed by Thermo Analytical/Eberline (TMA/E). The average va.ue
is then corrected for the shielding effect of the shelter housing

(approximately 8 percent) and for the effect of fade.

Fade is the loss of dose information brought about by environ-ental
effects, primarily high summer temperatures. Fade is deter—ined by
collocating dosimeters that have been exposed to a known level of
radiation (called a spike) before they are placed at a minimur of
two stations, generally on the eastern and western boundaries of a
site. The fade factor can be determined by subtracting the station
radiation value from the fade control dosimeter radiation value
followed by dividing by the known spike level. The corrected value
is then converted to milliroentgens per year by dividing by the

number of days of exposure and subsequently multiplying by 365 days.
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Some differences in external gamma radiation values may be noted 1in
the 198f data in comparison with the 1987 values. The current
measurement system is more sensitive to low radiation levels and
more accurate in its resolution than the system used previously.
Therefore, some stations that previously demonstrated no measurabile
external gamma radiation value in excess of background now exhibit a
small measurable value. Similarly, at some other stations values
are higher or lower because of the improved method of measurement,

not because of deterioration of site conditions or remedial action.

The results of the measurements for external gamma radiation are
presented in Table 3-2. Annual radiation levels ranged from 38 to
2,128 mR/yr above background at the monitoring locations. The
highest radiation level occurred at Location 2, which is in an area
known to be contaminated. The elevated level is due to this
station's proximity to a ditch that is located between the site
fence and McDonnell Boulevard (Ref. 7). The radiocactive
contamination in the ditches will be cleaned up as part of the
remedial action to be conducted at the site, and these areas wili. te
monitored along with the site itself until remedial action is

complete.

The next highest annual average gamma radiation level measured a:
the SLAPS in 1988 was 129 mR/yr above background. The annual
average background radiation level was 73 mR/yr. For comparisons of
external radiation levels measured from 1984 through 1988, see

Subsection 3.6.2.

The background external gamma radiation value for a given locatiorn
is not a static constant. Because the background radiation value ‘s
a combination of both natural terrestrial sources and cosnmic
radiation sources, factors such as the location of the detector irn
relation to surface rock outcrops, stone Oor concrete structures, or
highly mineralized soil can affect the value measured. 1Independen:
of the placement of the detector at the Earth's surface are the
factors of site altitude, annual barometric pressure cycles, and the

occurrence and frequency of solar flare activity (Ref. 17).
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TABLE 3-2
EXTERNAL GAMMA RADIATION LEVELS AT SLAPS, 1988

Sampling Number of Radiation Level (mR/yr)P

Location@ Measurements Minimum Maximum Average
1 4 30 56 47
2 4 1898 2229 2128
3¢ 4 81 122 101
4 4 16 48 38
5 4 17 70 45
6 4 24 53 43
7¢ 4 77 167 129
Bd 4 21 49 38
S 4 88 183 129

Backgrounde

16f 4 63 86 73

dsampling locations are shown in Figure 3-1.

bMeasured background has been subtracted from the readings
taken at the nine sampling locations shown in Figure 3 1.

CLocations 3 and 7 are quality control locations.

dLocation 8 was moved in April 1987.

€ln April 1988, background detectors were installed at
McDonnell Blvd., 0.8 km (0.5 mi) east of SLAPS, and in St.
Charles County, approximately 32 km (20 mi) southwest of
SLAPS. Because the instruments have been in place for less
than 1 year, data will not be reported until 1989.

flocated in Florissant, MO, 26 km (16 mi) northeast of SLAPS.
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Because of these factors, the background radiation level is not
constant from one locatior to another even over a short time. Thus
it is not abnormal for some stations at the boundary of a site to
have an external gamma radiation value less than the background

level measured some distance from the site.

In April 1988, additional background monitoring locations were
established at the Federal Aviation Administration Building, located
0.5 mi east of SLAPS at McDonnell Blvd., and at St. Charles County
Airport, located approximately 32 km (20 mi) southwest of SLAPS in
St. Charles County. Because the 6 months of exposure time is not
representative of the yearly fluctuations in background that occur
because of seasonal weather variations, data from these locations

will not be reported until 1989.

3.3 WATER SAMPLING

During 1988, sarpling was performed to determine the concentraticns
of uranium, radium, and thorium in surface water and groundwa‘ter at

both off -site and on-site locations (Figure 3-1).

3.3.1 Surface Water

Surface water samples were collected quarterly from four off site
locations. Water samples were taken from Coldwater Creek
approximately 15 m (50 ft) downstream of the ditch that runs a.icng
McDonnell Boulevard (Location 1) and at the intersection of the
creek and Interstate 70 (Location 2). Location 2 is upstrear of
SLAPS and provides an indication of background concentrations.
Locations 3 and 4 are at the Chain of Rocks Water Treatment Plant
downstream of the point at which Coldwater Creek discharges into tne

Missouri River, which then discharges into the Mississippi River.

Samples were collected using nominal 1-liter (0.26-gal) grab samplies
to fill a 4-liter (l-gal) container and were analyzed by TMA/E.
Total uranium was determined by a fluormetric method. Radiunm 226

concentrations in water were determined by radon emanation. (This
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method consists of precipitating radium as sulfate and transferring
the treated sulfate to a radon bubbler, where radon-222 is allowed
to come to equilibrium with its rad.um-226 parent. The radon-222 1s
then withdrawn into a scintillation cell and counted by the gross
alpha technique. The quantity of radon-222 detected in this manner
is directly proportional to the quantity of radium-226 originally
present in the sample.) Thorium-230 was eluted in solution,
electrodeposited on stainless steel discs, and counted by alpha

spectrometry.

The results of analyses for uranium, radium-226, and thorium- 230 a:
all sampling locations are presented in Table 3-3. The average
concentrations of each of these radionuclides at the three sampiing
locations downstream of SLAPS were nearly equal to the backgrcuni
concentrations measured upstream of the site. These values Tay be
compared with the levels of radioactivity in the commonly consured

liquids listed in Appendix D of this report.

For comparisons of radionuclide concentrations measured in surface

water from 1984 through 1988, see Subsection 3.6.3.

3.3.2 Groundwater

During 1988, groundwater samples were collected quarterly fror 16
on-site wells. Samples were collected by a hand bailer after the
wells had been pumped dry or three well casing volumes had been
removed and ample time had becen allowed for well recharge. Norina!
l1-liter (0.26-gal) grab samples were collected to fill a 4-liter
(l1-gal) container. Samples were analyzed by TMA/E for total
uranium, dissolved radium-226, and thorium-230 using the methods

applied to surface water analyses (see Subsection 3.3.1).

Results of analyses for concentrations of total uranium, radium, and
thorium in groundwater are presented in Table 3-4. Averages for
radium- 226 ranged from 3 x 10719 to 9 x 10710 wCi/sml

(0.3 to 0.9 pCi/l). For thorium-230, averages ranged from
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TABLE 3-3
CONCENTRATIONS OF TOTAL URANIUM, RADIUM-226, AND THORIUM.- 230
IN SURFACE WATER IN THE VICINITY OF SLAPS, 1988

Sampling Number of Concentration (10‘9 pCi/mljb;?_
Locationd Samples Minimum Maximum Average

Total Uranium

1 4 <3 5 4

2d 4 <3 5 4

3 je 3 5 4

4 3e 3 3 3
Radium-226

1 4 0.2 0.4 0.3

24d 4 0.2 1.3 0.%

3 e 0.1 0.4 0.3

4 e 0.1 0.3 G.2
Thorium-230

1 4 0.1 0.5 0.3

2d 4 <0.1 0.2 c.1

3 3e 0.3 0.4 0.3

4 3e <0.1 0.1 <0.1

4sanmpling locations are shown in Figure 3-1.

by x 10-9 uCi/ml is equivalent to 1 pCi/l.

CWwhere no more than one value is less than the limit of
sensitivity of the analytical method, values are considered
equal to the limit of sensitivity, and the average value
is reported without the notation "less than."

dlocation is upstream of the site and acts as background.
Background values have not been subtracted.

€samples lost in transit to the laboratory in the fourth
quarter.
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TABLE 3-4
CONCENTRATIONS OF TOTAL URANIUM, RADIUM-226, AND THORIUM- 230
IN GROUNDWATER AT SLAPS, 1988

Page 1 of 2

Sampling Number of Concentration (10-9 uci/sm1)b.cC
Location?® Samples Minimum Maximum Average

Total Uranium

Well A 4 1535 1870 1700
Well B 4 5340 6670 5590
Well C 4 11 24 18
Well D 4 62 800 475
Well E 4 127 293 197
Well F 4 160 367 265
Well M10-25S 4 12 63 39
Well M10- 25D 4 <3 5 4
Well M1l1-21 4 61 100 73
Well M10-15S 4 8 11 9
Well M10-15D 4 3 6 5
Well M10-8S 4 10 27 19
Well M10-8D 4 <3 5 4
Well M1l1-9 4 4135 5000 4620
Well M13.5-8.5S 4 <3 5 4
Well M13.5-8.5D 4 <3 <3 <3
Background
Well BS3WO1S 2d <3 4 3
Well BS53WO01D 2d <3 5 4
Radium-226
Well A 4 0.2 0.8 0.4
Well B a 0.4 0.8 0.6
Well C 4 0.4 0.6 0.5
Well D 4 0.2 0.4 0.3
Well E 4 0.2 1.1 0.6
Well F 4 0.4 0.7 0.6
Well M10-25S 4 0.2 0.7 0.6
Well M10-25D 4 0.2 0.6 0.4
Well Ml1l-21 4 0.5 1.1 0.7
Well M10-15S 4 0.3 1.3 0.8
Well M10-15D 4 0.6 1.1 0.9
Well M10-8S 4 0.3 0.9 0.5
Well M10-8D 4 0.3 0.8 0.6
Well M11-9 4q 0.4 1.2 0.8
Well M13.5-8.55 4 0.5 1.4 0.8
Well M13.5-8.5D 4 0.4 0.7 0.6
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TABLE 3-4§
(continued)

Page 2 of 2

Sampling Number of Concentration (10-9 uCi/ml)b.c
Locationd Samples Minimum Maximum Average

Radium-226 (continued)

Background
Well B53WO01S 24 0.3 0.8 0.6
Well BS53WO1D 2d 1.0 1.1 1.1

Thorium-230
wWell A 4 1.1 4.9 2.8
Well B 4 1.3 3.2 2.0
Well C 4 <0.1 0.4 0.3
Well D 4 0.4 1.3 0.9
Well E 4 0.2 14.0 4.8
Well F 4 1.1 3.0 2.0
Well M10-25S 4 0.2 0.6 0.4
Well M10-25D 4 0.2 0.9 0.5
Well M11l-21 4 8.0 130.0 52.0
Well M10-15S 4 1.3 17.0 5.3
Well M10-15D q 0.1 4.5 1.3
Well M10-8S 4 0.2 1.1 0.5
Well M10-8D 4 0.1 0.6 0.3
well M11-9 4 0.3 2.6 1.0
Well M13.5-8.5S 4 0.2 1.1 0.7
Well M13.5-8.5D 4 0.2 0.9 0.7

Backqround
Well BS53WO1lS 2d 0.1 0.2 0.2
Well B53WO01D 2d 0.2 0.2 0.2

4sampling locations are shown in Figure 3-1. Background
locations are shown in Figure 1-5 as WO1lD and WO1lS.

by x 10-9 uCi/ml is equivalent to 1 pCi/l.

CWwhere no more than one value is less than the limit of
sensitivity of the analytical method, values are considered
equal to the limit of sensitivity, and the average value
is reported without the notation "less than."

dNew wells; first sampled in July 1988. Located at

Byassee Drive, approximately 0.8 km (0.5 mi) northwest of
SLAPS.
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10 16 5.2 x 1078 wCi/ml (0.3 to 52 pCi/l). Averages for

3 x 10
total uranium in groundwater ranged from <3.0 Xx 10_9 to

5.59 x 10'6 wCi/ml (<3 to 5,590 pCi/l).

Concentrations of total uranium in several of the shallow wells at
SLAPS are high because the wells are located in areas of known
subsurface contamination. However, because SLAPS is fenced, the
public does not have access to these wells; furthermore, there is no
known consumption of groundwater in the vicinity of the site.
Groundwater that might discharge to Coldwater Creek is monitored as
part of the surface water monitoring program. Current indications
are that this potential transport pathway has not resulted in
degradation of surface water quality. As a result, there is no
evidence that anyone is being exposed to levels of radiation that
approach the DOE radiation protection standard of 100 mrem/yr.

For a discussion of the comparisons of radionuclide concentrations

in groundwater measured from 1984 through 1988, see Subsection 3.6.4.

3.4 SEDIMENT SAMPLING

During 1988, samples consisting of approximately 500 g of sediment
(1.1 1b) were collected off-site at surface water sampling
Locations 1 and 2 (Figure 3-1). TMA/E analyzed the samples for
total uranium, radium-226, and thorium-230. Total uraniunm
concentrations were obtained by summing the results from isotopic
uranium analyses. 1Isotopic uranium and thorium-230 were deterrined
by alpha spectrometry, wherein the uranium and thorium-230 are
leached, extracted, and electroplated on metal substrates.

Radium- 226 concentrations were determined by radon emanation.

Analytical results for uranium, radium-226, and thorium-230 (based
on dry weight) are presented in Table 3-5. The annual average
concentration of total uranium, radium-226, and thorium-230 at the
downstream sampling location was 2.6, 1.0, and 5.4 pCi/q.
respectively. These concentrations of radium-226 are lower than

background concentrations measured at upstream Location 2. Total
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TABLE 3-5%
CONCENTRATIONS OF TOTAL URANIUM, RADIUM-226, AND THORIUM- 230
IN SSDIMENT IN THE VICINITY OF SLAPS, 1988

Sampling Number of Concentration [pCi/g (dry)]
Location? Samples Minimum Maximum Average
B Radium-226
1 4 0.9 1.1 1.0
) 2 4 1.0 1.9 1.5

Thorium-230

~
[+ ]
o
(S,
F -3

1 4 2. .
2 4 0.4 3.3 1.3

Uranium-234

1 4 1.1 1.3 1.2
2 4 0.8 1.0 0.9
Uranium- 235
1 q <0.1 0.1 <0.1
2 4 <0.1 <0.1 <0.1
- Uranium-238
1 4 1.2 1.3 1.3
- 2 4 0.6 0.8 0.7
Total UraniumP
B 1 4 2.4 2.7 2.6
2 4 1.5 1.9 1.7

4sampling locations are shown in Figure 3-1. Location 1 is
downstream and Location 2 is upstream of the site.

bTotal uranium concentration for each location is determined

by summing the measured concentrations of each isotope for
the respective location.
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uranium concentrations at Location 2 are slightly higher than at
downstream Location 1. The average thorium-230 concentration at
Location 1 is higher than that at Location 2. For reference, these
concentrations may be compared with the levels of radioactivity in

phosphate fertilizers listed in Appendix D.

3.5 RADIATION DOSE

To assess the environmental significance of possible release of
radioactivity from materials stored at SLAPS, radiological exposure
pathways were evaluated to calculate the potential dose to a
hypothetical maximally exposed individual. This individual is one
who is assumed to be adjacent to the site and who, when all
potential routes of exposure are considered, receives the greatest
dose. An appraisal of potential pathways (exposure to external
radiation, ingestion of water, and inhalation of radon) suggested
that external gamma radiation was the only plausibly significant

exposure mode.

The dose from ingesting groundwater or surface water from sources on
SLAPS property was not calculated because it was considered
unrealistic that ingestion of this water could occur. SLAPS is
fenced and locked, and a member of the public could only gain access
to the water on-site by trespassing on the property. To consure
groundwater from a well at SLAPS, the trespasser would have to be
equipped with a means of removing the well cap (which is locked),

and would need a power source, a pump, and a hose.

Radon concentrations measured at all boundary sampling locations
except one were within the normal variations associated with
background measurements. Given the amount of time that the
maximally exposed individual would spend near this location, the
dose from radon inhalation would be indistinguishable from the dose
received from background concentrations. Consequently, this pathway
would not contribute additional dose to the maximally exposed

individual and was not considered in dose calculations presented in
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Subsection 3.5.1. Measured radon concentrations are discussed fully

in Subsection 3.1.

3.5.1 Dose to the Maximally Exposed Individual

To identify the individual in the vicinity of SLAPS who would
receive the highest dose from on-site radicactive materials, the
dose from exposure to external gamma radiation was calculated at
various monitoring locations that could be accessible to the

public. From these calculations, it was determined that the highest
overall dose would be received by an individual who walked daily
along the northern site boundary. Because the area adjacent to
SLAPS is normally unoccupied, exposure was calculated assuming that
the maximally exposed individual walked along the fence line twice a
day. S days per week. It was also assumed that the individual
walked at a rate of 4.8 km/h (3 mph) along the 0.8-km (0.5 mi)
northern site boundary and during this period was exposed to an
average of the annual exposure rates observed at Locations 1, 2,

and 3.

The external exposure to this individual would be 7.% mR/yr above
background. Because 1 mR 1s approximately equivalent to 1 mrem,
this exposure is approximately equivalent to 7.5 percent of the DOE
radiation protection standard of 100 mrem/yr and is approximately
equal to the exposure a person would receive during two round trip
flights from Los Angeles to New York as a result of the greater
amounts of cosmic radiation at higher altitudes (see Appendix D).
This scenario is highly conservative in that it is unlikely that any
individual would spend so much time at this location. A more
realistic assessment of the use of the site would demonstrate that

the incremental dose is less than 1 mrem/yr.

3.5.2 Dose to the Population in the Vicinity of SLAPS

The dose to the population represents the conceptual cumulative
radiation dose to all residents within an 80-km (50-mi) radius of a
given site. This calculated dose includes contributions from all
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potential pathways. For SLAPS, these pathways are direct exposure
to gamma radiation, inhalation of radon, and ingestion of water

containing radioactivity.

The contribution to the population dose made by gamma radiation fror
on-site radioactive materials is too small to be measured because
gamma radiation levels decrease rapidly as distance from the source
of contamination increases. For example, if the gamma exposure rate
at a distance of 1 m (3 ft) from a small-area radioactive source
were 100 mR/yr, the exposure rate at a distance of 6.3 m (21 ft)
would be indistinguishable from naturally occurring background
radiation. Similarly, radon is known to dissipate rapidly as
distance from the radon source increases (Ref. 18). Therefore,

radon exposure does not contribute significantly to populatiorn dcse.

On the basis of radionuclide concentrations measured in water
leaving the site, it also appears that there is no plausible pathway
by which ingestion of water could result in a significant dose to
the population. As water migrates farther from the source,
radionuclide concentrations are further reduced, lowering potential

doses to even less significant levels.

Because the contributions to population dose via all potential
exposure pathways are inconsequential, calculation of dcse to the
population is not warranted. The curulative dose to the population
within an 80 - km (50-mi) radius of SLAPS that results fror
radicactive materials present at the site is indistinguishable frc-
the dose the same population receives from naturally occurring

radioactive sources.

3.6 TRENDS

The environmental monitoring program at SLAPS was established to
allow an annual assessment of the environmental conditions at the
site, to provide a historical record for year-to-year comparisons,
and to permit detection of trends. 1In the following subsections,

1988 annual averages for each monitoring location for radon,

42



external gamma radiation, surface water, and groundwater are
compared wita results for 1984 through 1987 (Refs. 12-15). As the
environmental monitoring program at SLAPS continues and more data
are collected, comparisons and analyses of trends will become more

meaningful.

3.6.1 Radon

As shown in Table 3-6, overall radon levels remained relatively
constant as compared with 1987 levels. Radon concentrations along
the northern boundary of the site are heavily influenced by soil
moisture and the presence or absence of standing water in the ditch
that abuts the fence line. 1In 1988, dry weather conditions
moderated slightly, and the ditch contained some standing water
throughout the year. This may account for the slight decrease in

radon levels.

3.6.2 External Gamma Radiation Levels

As shown in Table 3-7, external garma radiation levels at the site
boundary have not demonstrated a significant change since monitcring
began in 1984. Overall, the 1988 external gamra radiation level.s

remained stable as compared with the 1987 values.

3.6.3 urface Water

Measured concentrations of radionuclides in surface water at SLAPS
have remained relatively stable since 1984 and remain about equa. ¢
the upstream values. Surface water data for the 1984-1988 period

are given in Table 3-8.

3.6.4 Groundwater

Ten new wells installed in 1986 were added to the groundwater
monitoring program in April 1987. Uranium, radium-226, and
thorium-230 values for 1987 and 1988 in these new wells are
presented in Table 3-9. Statistical comparisons are made only on
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TABLE 3-6
ANNUAL AVERAGE CONCENTRATIONS OF RADON- 222
AT SLAPS, 1984-1988°2

Sampling Concentration (10-9 uCi/m1)c.d

Locationb 1984 1985 1986 1987 1988
1 0.1 0.5 0.4 1.6 1.1
2 0.5 1.2 3.5 3.6 1.2
3 0.3 0.8 0.8 0.7 1.0
4 0.6 0.4 0.9 0.8 1.0
5 -€ 0.8 0.6 2.1 2.1
6 0.4 0.5 0.6 0.% C.8
7 -e 0.5 0.7 0.8 c.7
8 -€ 1.0 0.7 1.3 1.8
9 -f -f -f 3.1 1.0

Background
169 -9 0.5 0.3 0.4 0.4
17h -h B B n 0.4
181 -1 -1 -1 -1 c.%

dData sources for 1984-1987 are the annual site environmental
reports for those years (Refs. 12-15).

bsampling locations are shown in Figure 3-1.
CBackground has not been subtracted.

d1 x 10-9 uCi/ml is equivalent to 1 pCi/l.
@Deteccor installed in 1985.

fpetector installed in April 1987.

9rackground detector installed in 1985 in Florissant, MO,
approximately 24 km (15 mi) northeast of SLAPS.

NBackground detector installed in April 1988 at McDonnell
Blvd., approximately 0.8 km (0.5 mi) east of SLAPS.

iBackground detector installed in April 1988 in St. Charles
County, approximately 32 km (20 mi) southwest of SLAPS.
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TABLE 3.7
ANNUAL AVERAGE EXTERNAL GAMMA RADIATION LEVELS AT
SLAPS, 1984-1988°
Page 1 of 2

) Sampling Radiation Level (mR/yr)€
Locationb 1984 1985 1986 1987 1988
1 59d 46 14 34 47
_ 2 21574 2087 1363 1557 2128
3 11sd 116 67 87 101
- 4 51d 57 21 38 38
5 -€ 3 81 67 45
. 6 284 31 10 35 33
B 71 -e 93 43 58 129
8 -€ 12 17 25 38
- 5 -g -g -9 110 129

Backgroundh

4 161 -1 99 97 77 73

@Data sources for prior years are the annual site environrental
reports for those years (Refs. 12-15).

bsampling locations are shown in Figure 3-1.

CMeasured background has been subtracted fror the readings
taken at the nine sampling locations shown in Figure 3-1.

dsampling location installed in late 1984; data are for fourth
quarter only.

€sampling location established in early 1985.
flocation 7 is a quality control for Location 3.

9Location 9 was established in April 1987.
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TABLE 3-7
(continued)
Pace 2 of 2

hgackground detector installed at McDonnell Blvd., approximately
0.8 km (0.5 mi) east of SLAPS, and in St. Charles County,
approximately 32 km (20 mi) southwest of SLAPS. Because the
instruments have been in place for less than 1 year, data will not
be reported until 1989.

iBackground detectors installed in April 1985. Located in
Florissant, MO, approximately 24 km (16 mi) northeast of SLAPS.
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TABLE 3-8

ANNUAL AVERAGE CONCENTRATIONS OF TOTAL URANIUM,
RADIUM- 226, AND THORIUM-230 IN SURFACE WATER
IN THE VICINITY OF SLAPS, 1984-1988a
Sampling Concentration (10-9 uCi/ml1)€
Location 1984 1985 1986 1987 1988
Total Uranium
1l 14.0 3.4 4.3 4.2 4.0
2d 4.0 <3.0 <3.0 <3.0 4.0
3 -€ <3.0 <3.0 <4.0 4.0
4 -e <3.0 3.5 <4.0 3.0
Radiur-226
1 0.2 0.2 0.2 0.4 0.3
2d 0.1 0.1 0.3 0.3 0.5
3 -€ 0.2 0.2 0.3 0.3
4 -€ 0.1 0.2 0.3 0.2
Thorium-230
1 0.1 0.4 <0.2 0.4 0.3
2d 0.36 <0.4 <0.2 0.2 0.1
3 -€ <0.5 0.3 0.3 0.3
4 -e <0.4 <0.2 <0.2 <0.1

4Data sources for 1984-1987 are the annual

reports for those years (Refs. 12-15).

site environmental

bsarpling locations are shown in Figure 3-1.

€1 x 10-9 uCi/ml

is equivalent

to 1 pCirl.

dpocation is upstream of the site and acts as background.
Background values have not been subtracted.

€sarpling Locations 3 and 4 were added in 1985.
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TABLE 3-9

ANNUAL AVERAGE CONCENTRATIONS OF TOTAL URANIUM,

RADIUM- 226,

Page 1 of 2

AND THORIUM-230 IN GROUNDWATER AT
SLAPS, 1984-1988°

Sampling

Concentration (10-9 uCi/m1)d

Locationb:¢€ 1984 1985 1986 1987 1988
Total Uranium
Well A 1287 2375 1184 1139 170C
Well B 5700 4735 6570 5829 5690
Well C 40 36 16 13 18
Well D 233 474 802 637 475
Well E 129 114 540 576 187
Well F€ 141 177 146 106 265
Well M10- 25S -- - - -- 25 39
Well M10- 258D - - -- -- 4 4
Well M11-21 -- - - -- 45 73
Well M10-15S - - - - - - 11 S
Well M10-15D -- - -- 9 5
Well M10-8S - - -- - - 32 19
Well M10-8D - -- - 5 4
Well M11-9 - - - - - - 4578 4¢20
Well M13.5-8.5S -- - - - - 4 4
Well M13.5-8.5D - - -~ - - <3 <3
Backgroungdf
Well BS53W01S -~ - - - - - 3
Well BS53WO1lD -- - - -- - - 4
RadiuT-226
Well A 0.3 0.2 0.3 0.3
Well B 0.3 0.2 0.3 0.3
Well C 0.3 0.2 0.3 0.4
Well D 0.2 0.1 0.3 0.1
Well E 0.6 0.2 0.5 0.3
Well F€ 0.2 0.1 0.2 0.3
Well M10-25%S - - - 0.2
Well M10-25D - - - 0.2
Well M11-21 - - - 0.5
Well M10-15S - - - 0.3
Well M10-15D - - - 0.4
Well M10-8S - - - 0.4
Well M10-8D - - - 0.3
Well M11-9 - - - 0.5%
Well M13.5-8.8S - - - 0.5
Well M13.5-8.5%D - - - 0.5%

48

[eNoNoNeoNoNoNoNoNeoNeoNONsNeNaeNoNe]
OO O DL IDHLDOTWDODH



Page 2 of 2

TABLE 3-9

(continued)

Sampling
Locationb.¢

Concentration (10-%9 uCi/sml1)d

1984

1985

1986

1987

1988

Radium-226 (continued)

Backgroundf

Well BS3WOlS
Well BS53W01D

Thorium-230

Well A
Well B
Well C
Well D
Well E

Well
Well
Well

Fé
M10-25S
M10- 25D

Well M11l-21

Well M10-15S
Well M10- 15D
Well M10-8S

Well M10-8D

Well M11-9

Well M13.5-8.5S
Well M13.5-8.5D

Backgroundf

Well BS53WO1S
Well BS53WO1D

= 00N
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d4pData sources for 1984-1987 are the annual site environmental

reports for those years (Refs. 12-15%).

bsampling locations are shown in Figure 3-1, and background
locations are shown in Figure 1-5.

CThe "M" wells were added to the environmental monitoring

program in April 1987.

d1 x 10-9 uCi/ml is equivalent to 1 pCi/l.

eypgradient well.

fwells established for background in July 1988.
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the A-F wells because there are insufficient data for analyses of
the M wells (Figure 3-1). As shown in Table 3-9, concentrations of
total uraniun in groundwater have remained consistently high in
wells A and B; in 11-9, which is located approximately 15.2 m

(50 ft) east of well B: and in M13.5-8.5S. Uranium concentrations
in well C remained low over the period 1984-1988. These five wells

are located on the western end of the site.

Levels of radium-226 and thorium-230 have been generally stable at
low levels. An insignificant increase in levels of radium-226 and

thorium-230 was observed in 1988.

Uraniur concentrations in groundwater are strongly influenced by the
rate at which groundwater moves through the site. For years in
which there is a significant deficit in rainfall and thus a reduced
recharge of the groundwater, uraniur levels can be expected to

rise. Uranium concentrations observed in certain wells (F anéd A,

increased from those measured in 1987.

Though these increases cannot be definitively explained, it is kncwn
that wells D and E are located adjacent to buried radioactive
materials. Because SLAPS 1s fenced, the public does not have access
to these wells and there is no known consumption of groundwater in
the vicinity of the site. Based on analytical results for surface
water and hydrogeological studies concerning discharge of
groundwater into Coldwater Creek, there is no evidence that surface
water downstrear of the site has been degraded. Therefore, there is
no reason to suspect that any member of the public receives an
internal dose of radiation that would approach the DOE radiation

protection standard.
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4.0 RELATED ACTIVITIES AND SPECIAL STUDIES

4.1 RELATED ACTIVITIES

In April 1987, monitoring of the groundwater for chemical indicator
parameters began at SLAPS. These parameters include pH, specific
conductance, total organic carbon (TOC), and total organic halide
(TOX). These parameters are indicators of changes in the inorganic

and organic composition of the groundwater.

Specific conductance and pH measure changes in the inorganic
composition of the groundwater. Acidity and basicity are measured
by pH. A change in pH affects the solubility and mobility of
cherical contaminants in groundwater. Specific conductance measures
the capacity of water to conduct an electrical current.

Conductivity generally increases with elevated concentrations of
dissolved solids. Waters with high salinities or high tota:

dissolved solids exhibit high conductivities.

Groundwater is analyzed for TOC and TOX to determine the organic
content of the water. TOC measures the total organic carbecn content
of water but is not specific to a given contaminant. TOX measures
organic compounds containing halogens, which are organic compourds

containing fluorine, chlorine, bromine, and iodine.

Table 4-1 lists the ranges of observed concentrations of the fcur
indicator parameters. Except for specific conductance and the TCX
values, all other parameter levels are within the range of the
background wells (B53W01S and B53W01D).

The elevated TOX values occurred in wells B, D, and Ml1-9. No
explanation for these elevated levels is currently available.
However, investigations will be conducted in 1989 to determine the

possible cause.
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TABLE 4-1
CONCENTRATIONS OF INDICATOR PARAMETERS IN GROUNDWATER

AT SLAPS, 1988
Parameter
Total Total
Sampling pH Organic Organic Specific
Location (Standard Carbon Halide Conductance
(Well No.)@ Units) (mg/1) (ug/1)b (vmhos/crm)
A 6.7 - 6.9 5.0 - 16.2 38 - 88 1310 - 1440
B 6.6 - 7.5 6.7 - 20.0 100 - 270 6870 - 7620
C 6.7 - 7.0 4.4 - 20.6 19 - 73 1580 - 1700
D 6.7 - 7.8 6.9 - 20.6 82 - 120 2150 237C
E 6.7 - 7.0 2.7 - 9.0 ND 58 3200 €220
F¢ 7.1 - 7.3 1.5 - 7.0 13 - 82 671 - €95
M10- 8BS 6.8 - 7.1 5.1 - 11.4 ND 41 1360 1660
M10-8D 7.2 - 7.5 4.4 - 9.6 ND 27 772 891
M10-15S 6.9 - 7.1 1.5 - 6.6 ND 11 232C - 28B20
M10-1%D 7.1 - 7.4 3.9 - 165.6 ND 39 B42 - 963
M10- 25S 7.1 - 7.3 1.5 - 9.0 ND 36 700 781
M10-25D 6.9 - 7.6 2.5 - 11.5% ND 70 687 1C8¢C
M11l-9 6.5 - 6.7 7.6 27.3 36 370 793C 85€C
M1l1-21 6.9 - 7.1 4.5 - 16.8 ND 25 23¢€0 265°C
M13.5-8.5S 7.0 - 7.4 5.9 - 9.8 ND 76 796 1870
M13.5-8.5D 6.9 - 7.1 5.8 - 8.8 ND - 31 B7¢ 166°C
Background
Bs3wo1sd € 7.1 2.7 23 101¢
BS3WOlDd 6.8 - 7.0 7.1 - 34.2 ND - 3% 932 - 10i¢C

asampling locations

DND - no detectable

CUpgradient well.

concentration.

are shown in Figure 3-1.

dBackground well added to the monitoring prograr in July 1988.

€lLabel error for samples taken in October 1988:

performed.

5
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Specific conductance levels indicate that many of the wells show
levels several times greater than background of total dissolved
so0lids; thus the groundwater is of low quality. Groundwater entering
the eastern side of the site (well F area) shows indications of
degradation as it progresses toward the western boundary (wells
M10-8S/D and M13.5-8.5 S/D). Wells with historically high levels of
uranium (B, D, E, M11-9, and M1l1l-21) exhibit elevated specific

conductance values.

4.2 SPECIAL STUDIES

No special studies were performed at SLAPS during 1988.
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APPENDIX A
QUALITY ASSURANRCE

A comprehensive quality assurance (QA) program was maintained to
ensure that the data collected were representative of actual
concentrations in the environment. First, extensive environmental
data were obtained to prevent reliance on only a few results that
might not be representative of the existing range of

concentrations. Second., current monitoring data were compared with
historical data for each environmental medium to ensure that
deviations from previous conditions were identified and evaluated.
Third, samples at all locations were collected using published
procedures to ensure consistency in sample collection. Fourth, each
analytical laboratory verified the quality of the data by conducting
a continuing prograr of analytical quality control (QC),
participating in interlaboratory cross-checks, performing repiicate
analyses, and splitting sarples with other recognized laboratories.
Fifth, chain-of-custody procedures were implemented to maintain
traceability of samples and corresponding analytical results. This
program ensures that the monitoring data can be used to evaluate

accurately the environmental effects of site operations.

The majority of the routine radiocanalyses for the FUSRAP
Environmental Monitoring Prograr were performed under subcontract by
TMA/E, Albuquerque, New Mexico. This laboratory maintained an
internal quality assurance progranm that involved routine calibraticorn
of counting instruments, source and background counts, routine yield
determinations of radiochemical procedures. and replicate anaiyses
to check precision. The accuracy of radionuclide determination was
ensured through the use of standards traceable to the National
Bureau of Standards, when available. The laboratory also
participated in the Environmental Protection Agency's (EPA)
Laboratory Intercomparison Studies Program. In this progran,
samples of different environmental media (water, milk, air filters,
soil, foodstuffs, and tissue ash) containing one or more

radionuclides in known amounts were prepared and distributed



to the participating laboratories. After the samples were analyzed,
the results were forwarded to EPA for comparison with known values
and with the results from other laboratories. This program enabled
the laboratory to regularly evaluate the accuracy of its analyses

and take corrective action if needed.

Interlaboratory comparison of the TLD results was provided by
participation in the International Environmental Dosimeter Project
sponsored jointly by the DOE, the Nuclear Regulatory Comrission, and
the EPA. Table A-1 summarizes results of the EPA comparison studies

for water samples.

To ensure the accuracy of dose calculations, all computed doses were
double-checked by the originator and by an independent third party
who also checked all input data and assumptions used in the

calculations.

Chemical analyses were performed under subcontract by Weston
Analytical Laboratory. Lionsville, Pennsylvania. Weston's standard
practices manual was reviewed and accepted by BNIl. The laboratcry

maintains an internal QA prograr that involves the following.

For inorganic analyses, the program includes:

o 1nitial calibration and calibration verification
o Continuing calibration verification

o Reagent blank analyses

0 Matrix spike analyses

o Duplicate sample analyses

o Laboratory control sample analyses



TABLE A-1
SUMMARY COMPARISON OF WATER SAMPLE RESULTS
(EPA and TMA/E)

Analysis and Value (pCi/l) Ratio
Sample Date EPA TMA/E (TMA/E:EPA)
Alpha
1/88 28.0 + 7.0 40.0 + 2.0 1.43
2/88 4.00 + 5.00 3.33 + 0.60 0.83
5/88 6.0 + 5.0 5.3 + 0.6 0.88
7/88 46.0 + 11.0 §3.3 + 2.9 1.16
8/88 15.0 +» 5.0 12.7 + 0.6 0.85
11/88 8.00 + 5.00 7.00 »+ 1.00 0.88
Beta
1/88 72.0 + 5.0 90.0 + 4.0 1.25
2/88 8.00 » 5.00 9.30 + 0.6 1.16
5/88 13.0 + 5.0 16.3 + 0.6 1.25
7/88 57.0 + 5.0 695.7 + 2.9 1.22
8/88 4.0 + 5.0 5.0 + 1.0 1.25%
11/88 10.00 + 5.00 10.00 + 1.00 1.00
Ra-226
1/88 4.80 + 0.72 4.70 + 0.26 0.98
1/88 4.80 + 0.72 4.53 + 0.15% c.94
5/88 7.60 + 1.14 7.27 + 0.25 0.96
7/88 6.40 + 0.96 6.37 + 0.59 1.00
8/88 10.0 + 1.51 9.90 + 0.53 0.99
11/88 8.40 + 1.30 8.53 + 0.15 1.02
Ra- 228
1/88 .30 » 0.80 4.35 + 1.4 0.82
1/88 3.60 + 0.54 4.60 + 0.95 1.28
5/88 7.70 + 1.16 8.73 + 0.5 1.13
7/88 5.60 + 0.84 6.50 + 0.10 1.16
8/88 12.40 + 1.86 14.80 + 0.72 1.19
11/88 5.40 + 0.80 5.33 + 0.35 0.99

U (Natural)

1/88 3.0 + 6.0 3.33 + 0.58 1.11
4/88 3.0 + 6.0 3.7 + 0.6 1.23
7/88 6.00 + 6.00 6.33 + 0.58 1.06
10/88 6.0 + 6.0 7.0 + 0.0 1.17




The laboratory for organic analyses conforms to QC procedures for

the following:

0o GC/MS instrumentation for both volatile and semivolatile
compound analysis

¢ 1Initial multilevel calibration for each hazardous substance
list (HSL) compound

o Continuing calibration for each HSL compound

o Addition of surrogate compounds to each sample and blanks for
determining percent recovery information

0 Matrix spike analyses

0 Reagent blank analyses

Weston is currently an EPA.-designated Contract Laboratory Prograr
(CLP) laboratory for both organic and inorganic analyses. This

requires passing EPA's blind performance evaluation testing each
quarter. The technical specifications in BNI's subcontract with

Weston specify QA/QC at, and in some cases beyond, the CLP level.

They participate in water studies to demonstrate technical
competence for state drinking water certification programs. They
also participate in water pollution studies to demonstrate technical
competence for state wastewater certification programs. Currently,
they participate in drinking water, wastewater, and/or hazardous
waste certification progrars. They are certified (or pending) irn

35 such state programs. Continued certification hinges upon
Weston's ability to pass the performance evaluation testing, angd

many of these tests are conducted semiannually.

Weston's QA program also includes an independent overview by their
project QA coordinator and a corporate vice president who audits

their program activities quarterly.

The FUSRAP sampling program was designed to provide for spikes,
blanks, and QC duplicate sampling. Samples are tracked by
chain-of-custody procecdures to maintain traceability.
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APPENDIX B
ENVIRONMENTAL STANDARDS

The DOE radiation protection standard of 100 mrem/yr above
background level includes exposure from all pathways except medical
treatments (Ref. 11). Evaluation of exposure pathways and resulting
dose calculations are based on assumptions such as occupancy factors
in determining the dose from external gamma radiation; subtraction
of background concentrations of radionuclides in air, water, and
soil before calculating dose; closer review of water use, using the
data that most closely represent actual exposure conditions rather
than maximum values as applicable; and using average consumption
rates of food and water per individual rather than maxirums. Use of
such assurmptions will result in calculated doses that more

accurately reflect the exposure potential fror site activities.



TABLE B-1

CONVERS1ION FACTORS

1 liter
1 mR
1 mrem

100 mrenm/yr

1 uCi

1 pCi

1 pCirsl
1 pCirl
1 wCi/ml
10- 6
10-7
10- 8
10° 9

10- 10

7 x 10-10

8,760 h
1,000 ml
1 mrem

1,000 wR

11.4 yR/h (assuming 8,760 hours
of exposure per year)

1,000,000 pCi
0.000001 uCi

10-9 uCi/ml
0.000000001 wCi/m1l
1,000,000,000 pCi/l
0.000001

0.0000001
0.00000001
0.000000001
0.006000C001

0.0000000007




cm
cm/sec
ft

ft msl
g

gal

h

ha

in.

Km
km/h

1

l1b

m

3
m

mg
mg/l

mi

ml

mph

nR

mrer
mR/yr
mrem/yr
wCi/ml
¥g/1
sR/h
pCi
pCi/g
pCir/1l
ya’

Yr

APPENDIX C
ABBREVIATIONS

centimeter

centimeters per second
foot

feet above mean sea level
gram

gallon

hour

hectare

inch

Kilometer

Kilometers per hour
liter

pound

meter

cubic meter

milligrar

milligrams per liter
mile

milliliter

miles per hour
milliroentgen

milliiren

milliroentgens per year
millirem per year
microcuries per milliliter
microgram per liter
microroentgens per hour
picocurie

picocuries per gram
picocuries per liter
cubic vyarad

year
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RADIATION IN THE ENVIRONMENT



Badiation

in the
Environment

Rodiation & 0 natural pant of our environment. When owr DIanet was formed. rodiotion was
present —ond rodichon surounds it stl. Noturol rodiction showern down from the distant reoches of
the cosmos ond continuously rodiates from the rocia. solil. and water on the Eorth itsetlt

During the last century. monking has discovered rodiction. how to use It, and how to control it
As O result. some MAanmMade rodiation has been odded 10 the naturai aMmounts present iIN ou’
o environment.

Sources of Rodiation Many matericls—both naturg! and
manmode —that we come Into

- pa0E Bk contoct with in our everydoy hves

NEDE N
SO0~

Y ore rodiooctive These martenals
NATRA are COMPOsed of atoms thot
- adon release energetic porticies or
cs waves Qs they chonge into
n more stabile forms These

porticies ong waves ore
refered 10 Qs rogiction.
ong ther emMiss o~ 08
rogiooctivity

As the chg~ o~ the left
RAIIATON Shows. Most environmentql
rodigtion (82%) 1 tro™ ngtural
sources By for the iorges
source s rogon. o™ ogoress.
coloress gas given o by notural
rodium N the Eorh's crus®  While
rogon has awoys been present in the
environment. its signficance 1s better
FALOU ungerstood today Monmode rodathion—
- - priaa AL mostly from medico! uses ond consumer
products—ogds obout eighteen perce* 10 our
to10! exposure

TYPES OF IONIZING RADIATION

Rodigation that has enough i gy 10 Cilsturd the electricol bolonce In the otoms of substonces it
§; passes through is colled ionlzing rediction. There ore three basic forms of ioning rodigtion

Alpha Befa Gamma

Alpha particles are the lomés! Beto porticies are much Gommo rodiation is ¢ type
ond slowon mov\ng t of smaller and faster moving | of electromognetic wove that
rodmuon J thon aipho porticies. Beta | trovels ot the speed of ight.

popor or the :ldn particies pass hrvough PoPer | It tokes o thick shield of steel.
Aphc pomcios can move through | ond con fravel in ar for | leod.orconcrete 10s10p QOMMG
me o« only O fow inches Defore | about 10feet. However, they rgys X rays ond COSMKC foys ore
However olpho rodiation is | shieiding such os o sheet of | x rays ore produced by
| 9o 'gggus to sensitive tissue inside | aluminum foil monmode devices. Cosmic rays

reoch Eorth rom outer spoce




Units of Measure

Rodiation con be meassed in 0 voriety Of ways.

_Typicaily. units of measre show either 1) the total

amount ofrodioocmﬁyprmr\owwonco.u
2) the level of rodiation being given off.

The rodicoctivity of o substance & measured in
torms of the nuMber Of transfomations (Changes into
more stable forms) per unit of time. The curie & the
stoncord unit for this mecsurement and & based on

~ the omount of radicoctivity contained In | grom of

rodium. Numercoly. 1 cure & equal to 37 billon
transformations per second. The omounts of
rodioQcCtivity that peopie nomally work with are in
the milicurie (one-thousandth of o cune) or
microcurie (one-mikonth of o Curie) ranQe. Levek of
rogioactivity in the ervironment are In the picocurte.

"~ or pCi (one-frillonth of 0 curie) ronge.

Levels of rodiation ore Measured In varous unfs
The le\vel Of gomma rodiation in the Or s Measured Dy
the roentgen. This is O reiatively lorge untit, sO
measu ements are offen calcuiated in muuroemoens
Rodiation obsorbed by humans 8 measured in erthe’
rod or rern. The rem & the MOst JesCriptive becouse
t measures the ability of the specific type of
rodigtion 10 o damage 1o biclogicol fissue Agoir.
typical measrements wiit often be in the milrem
(mrem). or one-thousondth of  rem. ronge.

In the intemational scientific community, gbsorbec
cose Ond bIoIOQICG! eXPOSUre are 8xpressed \n groys
and seiverts. | groy (Gy) equoils 100 rad. 1 severt (Sv)
equats 100 rem. On the averoge. Amerncons
receive about 340 mrem of rodiation o year Mos*
of this (97%) is from nOhural rodiation and medico’
exXPoOsre. Speciic exompies of common sources of
rodicghon are shown in the chort below

 Cosmic Rodiation
Cosmnic roaation s @y gommag roc-
ighor Mgt ates N outer 1HOCe ond en
_.TYough OU OTMOIDNere
Seo Leve! ... & Mrem fyeor

oean a/ ' 7?7 e v ey sRPare D e r el
Anonto. Georgio (1 D50 fee?)
.................. 3! mrem/yeor
Donvv Coﬂcrooo 5. 30 tee"
. .50 rrvem/yeor
M eapois. Mmuo'o (815 foe")

. X0 mrempyect
saf Lou cw Uvon (um foeo?)

46 mrem/year

~Terrestrial Rodiation

Tenetma souces Ore NONIONY 1aB0OCTVe
olpments N e 80l AN water SUCh 8 JO-
UM, rodium. ond HoNUM  AVeroge leves of
—_™ese elemants are | pCi/grom of sod

Urvtec S'ates (Overage) 26 mrem fyeqt
Derver. Colorodo . 43 miem /yeor
Nie Defto. EQyD? M0 mvem/yeoor
---Pyg. Hance . . 350 rrvem/yeat
Coast of Keraia. hdo ......... 400 rreem/yeor
McAipe. rad . .. 2558 miemyeor
Pocos De cuooa. llal ..... 7.000 rmreem/yecr
Subdings
Marvy

DuUlcing Matenok. eecialy grorte.
contan nohsaly rodooCcTve slements

~US Capitol Bldng ................ 06 miem/yecr
8ase of Sorus of Lberty . ... 325 nvem/year
Grang Certral Stafton ... $25 rvem/vey

 Rodon

RADIATION IN THE
ENVIRONMENT

Becowne he radicaciivity of
INAMAUD! sampies vories. the
nuUMbes given here are
CPErOXINate o represent an
caveroge They are shown to
provide O perpec five for
concentrafions and ievels of
rodiococ Mty rather than dose

™o s misom
pCi = picocune

Food
Food contritutes an averoge of 20

Consumer Goods
Cgoretes-two pocks/ooy
(poiorum-210)

Coior Televeon

Gas Lomem Montie
(thonum-232

Hgrway Congruction

8.00C ~e~ vec:
<’ mig™/vec’

2 mre™yec’
&4 ~rg™/yec’

' Arpione Trave: gt 30 000 fee'

'

M em/yeor. Moty fom po'm-c.‘

CODON 14. MyAOQen-3. 10ChUM-220.
:\: morum-232

‘ 30 pCiner
- Top Water . 0pCimer
Mk ... 1 400 pCi/mer
SasoaOn ... ... 4,900 pCi/ttex
| Wihekey . 1.200 pCi/tter
AN 14 pCi/g
Bononos . 3oCVg
RO ..o 0.4 pCl/g
Peonun & Peorut Butter . 0.12 pCl/g
TOO ..o 0.0 pQy/g

Medicdl Treciment

L.G'UIIM and the sdi of he

(coemnic) C8 ~g~/~oo
Natro Gos Hoamo ona Cooxing

(rooon-222) 2 ™e~/yez:
Phoohate Ferizerns 4 ™™ /ves:

" Nahurl Rodicoctivity in Flonda Phosphate
Fefzen On pCl/gram)

| |y la | Coreervomes

! AWV WIS AOWDFOIONTT e

[~ Vo

'h-abl 213 210 n:
u-238 2 582 62
'™-230 189 a: 3z
‘232 06 3 23

Porceiomn Dermses
(worum) .
Rodgoumnescent Clock
(prometraum-147)
noke Detector
(Omencrm-M41)

. 1.500 mre~vec:
< Mo~ yec’

- 00! mre~/vea’

Nuciear Wmom Test

1. infemational
Fdou from pre—1980 gtmosphenc

(av-ooo for o US cizen) 1 o™/ veo

Rogon ievel n vory. dependng on

@eOgaprec location. fom 0.1 to 200 pCi/Mter m:'aw N
-Average naoor Rodon Level . 15 pCiter | O om
Occupanona Wondng Limit . 200 0 pCitter Dental X Roy foch 100 rrwem
Poterences D-2

Bect of orarg RXACNOn on MR Hedif. The A C LDIDRA Npw Yort Urivenily Madiodl Carter  Aform Inchuhis Fenum. 1004

BRech or FIOIO of GDORSS 1 Ww Loves o g Rkipn 190 Comrites on e BIoDGIS Plech o BrEG Axiofor. NORONG Acacery fem 1904
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PERSPECTIVE: Radioactivity

in Gas Lantern Mantles \

Around the House

Many household products contain a small amount of
rodiooctivity. Examples include Qas lontem
manties, smoke detectors, dentures,
comero lenses, ond onti-static brushes.
e The rodicoctivity is odded to the
c el products either specifically to
T make them work, or as o result of
using compounds of eilements
C o m——— e like thorum ond uranium in
T . producing them. The
""""" J amount of radiation the
products gives off is not
considered significant. But
with today s sensitive
eqQuipment, it can be
detected.

Lonterns: In a New Light

About 20 million gas
lontem manties are used by
compers eoch year in the

United States.

Under today's stondards. the
amount of natural rodioactivity
found in 0 lantem monte
would require precautions in

handiing it at many Govermment
of industry sites. The rodioactivity
present would contamingte 15
. pounds of dirt to above
alliowabie levels. This is because
the averoge mantie contains
1/3 of a gram of thorium nxide.
which has o specific octivily (O
measure of rodioactivity) of
opproximatety 100,000 picocunes

per gram. The opproximately 35.000 picocuries of
rodioQctivity in the montie would, if thrown onto the
ground, be considered iow-level rodiooctive
contomination.
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PERSPECTIVE: How Bigis a Picocurfe?

The cune is o standard measure for the intensity of raodioactivity contoined in
sample of rodicoctive material. t was nomed after French scientists Marie and Pierre
Curie for their londmark research into the nature of rodioactivity.

The basis for the curie is the radioactivity of one grom of radium. Radium decays ot
a rate of about 2.2 trillion disintegrations (2.2X10'?) per minute. A picocune is one
trillionth of o curie. Thus, o picocurie represents 2.2 disintegrations per minute.

To put the reiative size of one frilionth into perspective, consider that if the Earth
were reduced to one trillionth of its diometer, the “pico earth® would be smalier in
diometer than o speck of dust. In foct, it would be six times smaller than the thickness
of o human hair. :

The difference between the curie and the picocurie is so vast that other metric units

. ore used between them. These ore as follows:

X
1
Milicurie = 1,000 (one thousandih) of a curte
|
Microcurie =  T,000,000 (one milionth) of o curle
]
Nanocurie =  1,500,000.000 (one biliorth) of a curie

]
Mcocurte »  1,000,000,500.000 (one trillonth) of a curie
.

The following chart shows the reiative differences between the units and gives

— analogies in dollars. It olso gives exomples of where these various amounts of

radiooctivity could typically be found. The number of disintegrations per minute has

~ been rounded off for the chart.

UNIT OF DISINTEGRATIONS DOUAR EXAMPLES OF
RADIOACTIVITY | SYMBOL| PER MINUTE ANALOGY RADIOACTVE MATERIALS
1 Curie Ci 10" or2Trion |2 .18 the Annuol Nuclear Medicine
Federal Budget Generator
1 Mlicurie mCi 210" or 2 Bilion Cost of a New Interstate | Amount Used for ¢ Bramn
Highay frorn Ationtato | or Liver Scon
Son Francisco
1 Microcurie uCl 210° or 2 MBlion | AR-Star Basebal Pioyers | Amount Used in Thyrod
Salory Tests
1 Nonocurie nCi 210 or2 Thousand| Annual Home Energy | Consumer Proaucts
Costs
1 Picocurie pCi 2 Cost of o Homburger ond | Bockground Environmental
Coke Levels
D-4
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APPENDIX E

SAMPLE WELL CONSTRUCTION DETAILS



- b W.
MONITORING WELL ST LOVIS AIRPORT SITE BS3W ]2
. 1811 TS TS
14501 Ballfield Area N 1566 E 927
ORI
1-19-88 {1-19-88 . CHERRY TOP OF 2' RISER PIPE.
OEPTH ELEY.
(f7) (FTHS.)
TOP OF SURFACE CASING 2.0 27.4
~— TOP OF RISER CASING 1.8 26.9
- 00 [525.4
»;:
DINETER/TYPE:

6.35° |D./STERL

L 3oTTOM OF SURFACE CASING ——4 3.2 Eszz,z
. |

|

|

-

CEMENT/BENTONITE GROUT

9.5-29.5
CLAYEY SILT

LI {73 T

DINETER/TYPE:
3.0° 1.D./STAINLESS STEEL

TOP OF SRAL —+ 219 803.%

NRUCAR SEALYVRE
1/4 18 BENTONITE PELLETS

TOP OF PILTER PACK 24.) 5013
FILYER Pacx YP¢ ‘

MERAMEC WB-M BAND

£ 29.5-35.0
SIL